The South African Revenue Service and National Treasury Firm-Level Panel is an unbalanced panel data set created by merging several sources of administrative tax data received during 2015. The four data sources that constitute the panel are: (i) company income tax from registered firms who submit tax forms; (ii) employee data from employee income tax certificates submitted by employers; (iii) value-added tax data from registered firms; and (iv) customs records from traders. These data sets constitute a significant and unique source for the study of firm-level behaviour in post-apartheid South Africa. We review the key data sources used to construct the panel, highlight some important questions that arise as a result of panel construction, discuss the biases in the resulting data, compare key aggregates in the panel to other data sources, and provide a descriptive overview of the tax records.
Introduction
The South African Revenue Service (SARS) and National Treasury (NT) Firm-Level Panel (hereinafter the 'SARS-NT Panel'), is an unbalanced 1 panel data set created by merging several sources of South African administrative tax data received during 2015.
2 The four data sources that constitute the SARS-NT Panel are: (i) company income tax (CIT) data from CIT-registered firms who submit CIT forms; (ii) employee data from employee income tax certificates submitted by employers (i.e. IRP5 and IT3a); (iii) value-added tax (VAT) data from VAT registered firms; and (iv) customs records from traders. In this paper we review the key data sources used to construct the SARS-NT Panel, highlight some of the important questions that arise as a result of panel construction, discuss the biases in the data, compare key aggregates in the SARS-NT Panel to other data sources, and provide a descriptive overview of the tax records.
The forms that tax-paying persons and entities submit to SARS contain various fields, which are used to construct the variables in the SARS-NT Panel. The CIT records contain firm characteristics, such as the sector in which a firm operates, financial information from their income statements and balance sheets, and tax information. The employee records from individual IRP5 and IT3a forms contain all employee related incomes, deductions, taxes, and payments made by the firm (such as skills development levy and unemployment insurance fund payments). The VAT records contain information about input and output VAT paid and payable by the firm as well as VAT specific information, such as VAT paid on capital expenditure. The trader and customs records contain information about the products imported and exported by traders, including the product codes, value and volume of goods, and origin and destination information. Together, these data sets constitute a significant and unique data source for the study of firm-level behaviour in South Africa.
Using administrative tax records for cutting-edge empirical research is becoming widespread internationally (see Card et al. 2010) . First, administrative data offer much larger sample sizes than traditional survey data sources, and can be harnessed to generate more compelling research designs. Second, administrative records have an inherent longitudinal structure that enables researchers to follow firms and individuals over time and conduct credible public policy evaluation. Third, administrative data provide better information than is typically available for survey sources, which suffer from high and rising rates of non-response, attrition, and underreporting. As a result, using administrative tax data to conduct policy research has become widespread in such countries as Finland, Denmark, Sweden, the Netherlands, France, Germany, and New Zealand.
By combining different sources of administrative tax data, the SARS-NT Panel covers various aspects of firm behaviour. In the construction of the panel, all variables that could be used to identify firms were removed to create an anonymized data set where the confidentially of firms and individuals is ensured. reference numbers are linked to a CIT reference number using a link table provided by SARS. These firms are then matched to the CIT database as detailed in Section 2.3. While customs records are available to researchers at the transaction level, the SARS-NT Panel includes aggregated information for each customs reference number level for the tax year in question. The SARS-NT Panel includes the total Rand value of imports and exports, number of import origins and export destination, and number of unique products imported or exported.
Value-added tax data
VAT is an indirect tax on the consumption of goods and services in the economy and is charged at each stage of the production and distribution process. VAT is presently levied at the standard rate of 14 per cent on the supply of most goods and services and on the importation of goods. Some goods and services are subject to VAT at zero rate or are exempt from VAT. Although any person that carries on a business may register for VAT, VAT registration is only mandatory if a company's taxable supplies are in excess of R1 million in any consecutive twelve-month period. These businesses become vendors that act as the agent for government in collecting VAT. VAT-registered entities submit these forms on a monthly, bi-monthly, quarterly, semiannual, or annual basis. The information contained in these forms is aggregated to an annual level after which the VAT reference number of an entity is linked to a CIT reference number to be matched to the CIT data. The SARS-NT Panel contains the aggregated information on all of the VAT fields including input and output VAT as well as more specific information such as VAT paid on capital expenditure.
Employee tax data
The employee database contains information from individual level employee tax certificates (IRP5 and IT3(a)) submitted by pay-as-you-earn (PAYE) registered entities. All employers must register with SARS within 21 business days after becoming an employer, unless none of the employees are liable for normal tax. An employer must issue an employee with an IRP5 or IT3(a) certificate where remuneration is paid or has become payable. Where no employee tax was deducted from remuneration and the employee receives more than R2,000 per month, an IT3a form is provided to an employee. If an employee earns less than R2,000 in a given tax year and no employee tax was deducted, the employee is not issued with an IRP5 or IT3a form. IRP5 certificates of all employees in a company must be submitted within 60 days of the end of the tax year. The IRP5 and IT3a forms issued by employers are reconciliation forms that include details of the total amount paid by that employer to the employee from different sources, as well as the total amount of tax paid, skills development levy payments, unemployment insurance fund (UIF) payments, as well as the periods worked in the year of assessment. Data from these forms are used to generate employment estimates and employee characteristics. Each IRP5 or IT3(a) submitting entity is identified through a PAYE reference number which is linked to a CIT reference number to be merged with the CIT database. The aggregation of employment data is described in Section 2.5.
What is a firm?
The richness of the tax records used to construct the SARS-NT Panel allows for several different ways to think about a firm: a firm could be a CIT-registered entity, a PAYE-registered entity (i.e. an employer), or a grouping of either. In the SARS-NT Panel a firm is defined as a CITregistered entity that has completed an IT14 and/or ITR14 form. In other words, each unique CIT reference number is associated with a firm. Given this definition, Table 1 illustrates how one should think about employees, employers, and firms in the SARS-NT Panel. Source: Authors' figure based on tax records.
First, a single CIT-registered entity (e.g. CIT reference number 1) can be associated with multiple PAYE reference numbers if, for example, that entity has multiple branches. As shown in the table, where several PAYE numbers can be linked to the same firm, the same tax reference number is allocated to these different PAYE reference numbers. In one case more than 40 PAYE reference numbers were linked to a single CIT reference number in one year. This ensures that multiple branches and employees of the same firm are allocated to that firm. As shown in Table 1 , although a single CIT-registered entity can have multiple PAYE reference numbers, the converse is not possible.
Second, the same worker (e.g. individual IRP5 3) can appear in two PAYE-registered entities for the same firm-in this case two records are retained for this worker. Therefore, the employment numbers linked to a firm count the number of jobs, not individuals. There is also the case of IRP5 revisions where multiple IRP5 forms are available for some workers within the same PAYE-registered entity; this is discussed in Section 2.5. Furthermore, if individual IRP5 forms associated with reference numbers 1, 5, and 6 contain no employment income information, then the firm associated with CIT reference number 2 will have no workers (IRP5_empl=0), but listed as having three forms (IRP5_forms=3). For a PAYE reference number to be matched to a CIT reference number, it must have at least one IRP5 form associated with it.
Third, many workers can be employed at the same firm so multiple individual IRP5 numbers can be associated with one CIT reference number. Furthermore, more than one IRP5 certificate can be issued to an individual if that person has more than one job (either simultaneously or during consecutive stints in the same tax year). As shown in Table 1 , individual IRP5 1 can be linked to both CIT reference numbers 1 and 2 (e.g. a consultant who works in both academia and the private sector). Similar to the case of individual IRP5 3, in this case individual IRP5 1 is counted as two workers, even though this is in fact one individual.
Fourth, in cases where a tax reference number does not have a PAYE number in the link table, a firm in the CIT data cannot be linked to a PAYE reference number in the IRP5. The lack of a corresponding PAYE reference number means that no IRP5 forms can be linked to a tax reference number. In this case that particular firm will have missing IRP5 variables (i.e. worker characteristics). There are many firms that could fit the description of having no workers; however a question remains about whether these are genuine firms. For example, an individual could register a company for their rental properties to benefit from lower company tax rates (compared to their marginal personal income tax rate). In this case, the associated CIT-registered entity may not have any employees if the owner does not report income received from the firm through an IRP5. Another example would be bank nominee companies, which are CITregistered entities that hold significant assets on behalf of insurance firms, pension funds, and investment companies. These entities are unlikely to be registered for PAYE and anecdotal evidence suggests that these companies may even classify themselves as dormant. Finally, there are some IRP5 forms (7-9) that cannot be linked to a firm. These would include employees of government departments. These individuals are dropped from the SARS-NT Panel since no firm-level information is available for these observations. However, the worker data for these individuals are still available in the IRP5 panel and researchers are therefore still able to explore their characteristics. IRP5 forms that cannot be linked to a firm highlights the fact that defining a firm as a CIT-registered entity is merely one way of thinking about a firm. A researcher who is primarily interested in the employee information in the tax records may want to define a firm as an employer (i.e. a PAYE-registered entity). However, as shown in Table 1 , if one wishes to use CIT information in this case one would have to think about how to treat cases such as CIT reference number 1, where one set of CIT data is available for two PAYE-registered entities.
Constructing the SARS-NT Panel
The SARS-NT Panel is created in the following steps: first, the raw data from both the IT14 and ITR14 forms are extracted from a static SQL database as provided by SARS. The first step is to combine the data from the IT14 and ITR14 forms and clean the data where necessary as illustrated in Section 2.3. There is an important difference between the IT14 and ITR14 forms, and this has an implication for how the SARS-NT Panel is constructed: the IT14 form contains the same set of fields for all firms irrespective of their size, whereas the ITR14 form includes different questions for firms of different sizes, with a greater degree of disaggregation for larger firms. Therefore, while a consistent set of data is available for all companies who completed the IT14, in the ITR14, medium and large companies complete and submit a comprehensive extended return, while micro-and small firms complete a shorter, simplified return.
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In Table 2 we show an example of the data for fixed property, plant, and equipment. The ITR14 requires micro-and small firms to submit data on the closing values of property, plant, and 9 There are currently about 100 bank nominee companies approved by the Financial Services Board (FSB).
10 A micro-business is classified as a company with a gross income (sales/plus other income) not exceeding R1 million and total assets (current and non-current) not exceeding R5 million, and which is not classified as a body corporate/share block company. A small business is classified as a company with a gross income not exceeding R14 million and total assets not exceeding R10 million, which is not classified as a body corporate/share block company or micro-business. A small business is not the same as a small business corporation as defined in section 12E of the Income Tax Act. If a company is not classified as a body corporate/share block company, micro-business, or small business, it will be classified as a medium to large business (i.e. gross income exceeding R14 million and/or total assets exceeding R10 million). equipment in one field (without a separate field for other fixed assets), while medium and large firms are required to submit information on fixed property, plant and equipment, and other fixed assets in three separate fields. In contrast, the IT14 asks all firms to disaggregate the information into three separate property, plant and equipment, and other fixed assets fields. Source: Authors' figure based on CIT cleaning code.
In Table 3 , we show how these fields are harmonized in the cleaning process. We combine only the property, plant and equipment fields from the ITR14 and IT14 for all firms to generate a single new property, plant and equipment field. The other fixed assets field is not included as it is not clear from the form that micro-and small firms will include the information. As small and micro-firms do not have reported information on other fixed assets, these fields are assigned missing values. Therefore, where firms of different sizes submit the same information in different parts of the form, the fields are harmonized so that only one variable contains the matchable data. Unique source codes from ITR14 forms to IT14 forms (and vice versa) are matched to ensure that variables captured by the old IT14 are easily and directly related to the updated ITR14 form.
Where no similar information exists the non-matched field is kept in its raw state.
Second, the IT14 and ITR14 variables are renamed and given the relevant prefixes (to indicate from which form the variables are drawn) and only the last revisions are retained for each firm. In other words, in all cases, earlier submissions of financial statements as part of the same tax return are discarded in favour of the most recent submission in a particular year. 11 This removes many of the duplicates in the CIT panel due to multiple submissions by the same firm in a particular year. Furthermore, some cleaning is required because some firms may have submitted both IT14 and ITR14 forms within the same year. To address this, each IT14 and ITR14 variable is collapsed where the variable suffixes are the same and share the same numeric format. In all cases the ITR14 variable (where it exists) takes precedence over an IT14 equivalent as the ITR14 will have been submitted at a later date. The collapsed data are given a new prefix that corresponds to the variable category (for example, the capital variables from the balance sheet have the new prefix 'k_'). The data are then checked to ensure that a specific CIT-registered entity does not appear more than once in a particular year in the CIT panel. The variables remaining with IT14 and ITR14 prefixes are not matched and it is up to the researcher to decide how to include these variables and where to aggregate them.
Third, the finalized CIT panel is merged with the employer data from the IRP5 forms as well as the VAT and customs records (Section 2.4 contains a detailed discussion of how the IRP5 panel is created and merged). A link table provided by SARS, containing all tax reference numbers and the corresponding PAYE, customs, and VAT reference numbers, is used to implement the merge. In all cases, VAT and customs tax records are dropped if they have no tax reference numbers in the link table (e.g. VAT records for individuals and partnerships). In the final step, an unchanged labour broker data set, which contains a PAYE reference number and labour broker indicator, is merged into the SARS-NT Panel. It is important to note that all unique CITregistered entities, or firms, are retained in the SARS-NT Panel made available to researchers.
Variable naming conventions
The variable naming conventions used in the SARS-NT Panel are aimed at simplifying its use and include prefixes and suffixes that identify variable type, original data set (where necessary), and other descriptors. For example, all variables in the IT14 and ITR14 forms that do not have an equivalent in the other form (for example, due to changes in the forms over time) are retained with the appropriate prefix (IT14 and ITR14), as well as the categorization prefix (for example ITR14_k_). The main prefixes are shown in Table 4. 11 Firms are allowed to submit revisions of IT14 and ITR14 forms if they feel they have been inaccurate or if the firm made unreported changes. The CIT forms include tax computation fields that reflect adjustments to the accounting figures-these are given the prefix t_deb and t_cred, respectively. The t_deb entries are debit adjustments which decrease net profit or increase net loss. This category includes non-taxable amounts credited to the income statement, allowable adjustments, and special allowances not claimed in the income statement. The t_cred entries are credit adjustments that increase the net profit of the firm or decrease its net loss. This category includes non-deductible amounts debited to the income statement, allowances or deductions that were reversed, as well as adjustments to be added back into the income statement. It should be noted that for certain variables, for example depreciation or interest paid, the SARS-NT Panel will contain both the accounting variable from the income statement and the tax variable.
Timing and merging of data
The SARS year of assessment for individuals only-not companies-commonly referred to as a 'tax year' runs from 1 March to the end of February each year. Each firm submits a tax return for a tax year determined by their financial year end. In the CIT data each firm has a financial year end variable that indicates the month of the year that corresponds to the firm's financial year end. Most firms have financial year end data: in the IT14 we have the financial year end month and in the ITR14 we have the financial year end day and month.
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12 In cases where a firm does not have a financial year end, it is assumed that the firm's financial year end coincides with that of the tax year (i.e. the end of February). In Table 5 we provide justification for this. The original financial year end data for the firm are available in the SARS-NT Panel. All firms with a financial year that ends in 2013 fall into the 2013 tax year (which runs from 1 March 2012 to 28 February 2013). In Figure 1 , this would include both Firm B that has a financial year from 1 January 2013 to 31 December 2013, as well as Firm D that has a financial year from 1 February 2012 to 31 January 2013. As a result, both Firms B and D fall within the same tax year although they do not share directly comparable financial years. Therefore, while the tax year variable is useful for comparing data to those reported by SARS in their annual publication, the tax year variable is less useful when trying to align the reporting period of firms based on their financial year end.
In contrast to the CIT data, the IRP5 data report on employee characteristics for the year from 1 March to the end of February the following year, regardless of a firm's financial year end. As a result, a decision rule has to be employed to match (as closely as possible) a firm's financial year end to their IRP5 tax year. We take the month from the financial year end variable in the CIT data to create a new financial year variable that more closely aligns the IRP5 data to the actual financial year of the firm.
The new finyear variable is created as follows: in all cases where the financial year end variable is equal to or greater than 8, the firm's tax year (as classified by SARS) is pushed to the following tax year; and in cases where the financial year end variable is less than 8 (i.e. August), the firm's tax year remains as is. As shown in Figure 2 , this means that Firms A and B will now both be moved forward to end in the financial year ending 28/02/2013. Firms C and D will also be moved forward to the year ending 28/02/2014, but as can be seen their period of overlap is considerably smaller than the overlap for A and B. This ensures that the IRP5 data corresponds to at least 6 months of the firm's financial year. This financial year variable (finyear in the data) is the most appropriate time variable to use in regression and other analysis as it is more comparable across firms within a given year. Table 5 shows that around 85 per cent of firms have their financial year end at the end of February. Due to the strict domination of firm financial years ending in February in each year, we assume a firm's financial year ends in February where it does not provide the details. In Table 5 , the three largest other category of month ends are in June, March, and December. The proportions (and Source: Authors' figure based on SARS-NT Panel.
The approach set out above to link data sets with different reporting periods is not ideal where we have actual date data. For example, most VAT returns pertain to either a single month or two and the customs transaction data have exact dates, so aligning the time periods of these tax records to the CIT data should be less complex. Even in the case of the IRP data, we have periods employed to and from and could arguably use this to more accurately match the IRP5 records to the CIT data. However, creating the finyear variable remains useful for analysis where we think that increased granularity is associated with increased measurement error or where the date data are incomplete dependent on form year. The latter is the case for the IRP5 data where the periods employed to and from data are only well populated after 2009. In Section 2.5 we discuss the construction of the labour data by shifting the financial year and by using the employment dates. In the next iteration of the data we will also include this information for the customs and VAT data.
Labour data
While the CIT data contain information about the wages paid by the firm, there is no information about the number of workers or of the nature of their employment (e.g. when they started working). A firm-level labour indicator for the SARS-NT Panel is derived from the associated IRP5 forms (i.e. IRP5 and IT3a forms) submitted by PAYE-registered firms. In addition to the employment measures, labour data also include an employment tax incentive (ETI) indicator which indicates whether the individual receives the ETI. At present, no wage or income measures are used from the IRP5 forms. Twelve different employment measures are constructed. These indicators can be grouped into two sets: (i) the total periods set; and (ii) the dates set. For the total periods set, we create six employment measures by matching the IRP5 data to the CIT data using the timing and merging approach discussed in Section 2.4. For the dates set, we create another six employment measures where an employee is assigned to a firm's financial year based on when they started and finished a particular job spell. The trade-offs associated with the two approaches are discussed briefly at the end of this section.
The total periods set
The first set of six employment measures makes use of number of periods worked and total number of periods in year of assessment data in the IRP5 forms. Three unweighted variables are created: (i) the sum of all unique IRP5/IT3(a) forms per unique tax reference number entity (Equation 1); (ii) the sum of all unique IRP5/IT3(a) forms with positive and non-missing taxable income recorded as 3601 per unique tax reference number entity (Equation 2); and (iii) the sum of all unique IRP5/IT3(a) forms with positive and non-missing employment income per unique tax reference number entity (Equation 3). 13 A unique individual employed by a firm is identified by a unique South African identification (ID) number to PAYE reference number match. After the ID-PAYE link is made, the data are cleaned by CIT reference number. Therefore, an individual employed at two different branches of the same firm will be counted as two employees. As indicated in Section 2.2, the employment numbers for the firm count the number of jobs by PAYE-registered employer, not the number of individuals. Where a South African ID number is not available the passport number is used and where the passport number is not available a certificate number is used. Where an ID-PAYE reference number match appears more than once in a given year, the number for the highest period worked is used unless the total weight of the worker is smaller than or equal to one, as discussed below. Where no period worked number exists, the highest 3601 income figure is used; otherwise the first that appears in the data is used. In other words, only one record is selected from multiple certificates reflecting the same combination of individual ID and firm in a year if there is no 'periods worked' information. It should be noted that for the tax years 2010, 2011, and 2012 income associated with pensions and retirement annuities was also included in the 3601 income code along with salaries and wages paid to an employee. During these years the count of employees using the 3601 code will thus yield an over-count of employment. However, this is likely to occur largely in the finance sector. This measure is also included as an indicator along with other income sources for the employment income indicator.
The second set of three measures uses employee weightings to augment the unweighted measures. The weighted employment measures intended to account for cases where individuals were not employed for the full duration of a particular year, which is the case for a significant proportion of the tax certificates. An employee's weighting is a measure of the employment spell in a given year and is calculated using Equation (4).
Calculating these weightings is complicated by two factors: first, employers report the total periods in year of employment differently, with some using days, weeks, months, or years. Furthermore, since the different ways in which the number of periods worked (i.e. days, weeks, or months) are not stated categorically, the creators of the Panel used their discretion to determine whether the period of work is reported in days, weeks, or months. As a result, the manner in which the period of work is reported may produce differences in the weightings that are unrelated to actual differences in periods worked. For example, three individuals who all work 11 months of the year could have different weightings depending on the reporting period used (334 days divided by 365, 11 months divided by 12, or 48 weeks divided by 52).
Second, multiple IRP5 forms are available for some workers at the same PAYE-registered entity, due either to revisions of the employee's IRP5 form, or an employee having multiple IRP5s filed because they are hired for different durations of work within the same period. For example, the same individual can show up in the data with four IRP5 forms where each form indicates this individual worked three months of the year. When an individual has more than one IRP5 form, a sum of the number of periods worked is taken; when this sum is greater than one, the highest number of the different periods worked is used as it is believed that this must have been a revised IRP5 that was filed, and when this sum is less than one, the sum is used as the period worked (it is therefore assumed that these are consecutive periods worked and not revisions).
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The weighted employment information is constructed using the following equations, with (5) corresponding to (1), (6) corresponding to (2), and (7) corresponding to (3).
The 'total periods set' is matched to the CIT panel through the CIT reference number by moving the data to the corresponding year, as described in Section 2.4.
The dates set
The second set of employment measures uses the periods employed to and from to weight workers and assign them to a firm in its financial year. This is to ensure that the number of employees created for each firm better corresponds to the actual reporting period for the income statement and balance sheet information in the CIT data of the firm. Where a person reports employment start (end) dates that fall before (after) the corresponding tax year, the start (end) of that person's period is brought forward ( Three data sets are constructed for each IRP5 year, one containing only the data on persons employed within a tax reference number entity year, one containing information on persons' employment data before the start of the tax reference number entity year and one containing information persons' employment data after the end of the tax reference number entity year. A new data set is then constructed by appending the employment data of workers after the previous year, the employment data on persons within the current year and the employment data before the next year into the same data set. From here the earliest employment start date and latest employment end date is assigned to each unique employment spell. The unweighted employment variables are then constructed as in equations (1)- (3) above, the main difference now being that only persons with available date data are included and that the matching procedure places them in what is arguably a more accurate tax reference entity year. The weights are now constructed as:
Comparing the aggregates in the total period and dates sets
In Tables 6 and 7 we report the aggregates of the unweighted and weighted employment measures, respectively. In neither of these tables is the sample restricted to firms with available data; the implications of additional restrictions will be seen in Section 4. In Table 6 , we see that the dates set totals to around 10 per cent of the period set in 2009. This result is due to missing date data in 2009. The difference in the aggregates of the unweighted dates to period sets narrows as we restrict the employment measure. In Table 7 
Comparing the period and dates sets at the firm level
The above section compares the employment aggregates, but does not give an indication of the within firm relationship between the dates and periods sets. In this section we show the results of regressions on the employment indicators developed for total periods and dates sets for all firms from 2010-14. For earlier years only the total period indicators are reliably available, but the completeness of fields on the IRP5 forms since 2010 allows the relationship between these indicators for later years to be investigated. In Table 8 we show the regression results of a function as specified in Equation (9) where type is either forms, empl, empl3601, forms_weight, empl_weight, or empl3601_weight. For example, we conduct a regression of the labour variable generated for forms in the periods set on the labour variable generated for forms in the dates set and relate it to the firm's tax year. This gives us an idea of the nature of the relationship between the two variables and whether it changes over time. (9) Table 8 shows that the hypothesis that the coefficient of the date variable is statistically different from unity can be rejected in all cases. While this result, along with the positive coefficient of the year dummies, can be interpreted as the period set being larger than the dates set in general (as will be seen below), it should be noted that the coefficients of the date variables are still slightly above unity.
In terms of intertemporal differences, we cannot reject the hypothesis that Where a researcher is interested in employment data from before 2010, the researcher will be forced to use the periods set because the periods employed to and from data are only well populated after 2009. Where the researcher only requires data after 2010, we leave the choice of appropriate variable to the researcher. In the dates set, the date indicators may be estimated with less precision but are distributed around the correct mean, while the periods set may be measured with more accuracy but dispersed around the wrong mean temporally. It should further be noted, that measurement error is likely to increase when weighted data are used.
Using the deflators
Four deflators from the South African Reserve Bank are merged into the SARS-NT Panel. The following quarterly deflators are currently available in the SARS-NT Panel at the one-digit (major division) level: (i) gross value added; (ii) gross capital formation; (iii) consumer price index (CPI); and (iv) producer price index (PPI). The base year for the deflators is 2012 and the deflators are merged into the SARS-NT Panel using the tax year of the firm. These deflators do not provide full coverage of all sectors. For example, the gross value added deflator is available for all sectors, while the gross capital formation deflator is not available for agriculture. The CPI and PPI are available for very few sectors at the two-digit level. Unfortunately not all sectors, even at the onedigit (major division) level have disaggregated deflators available for them. Therefore, in addition to the four deflators mentioned above, economy-wide CPI and PPI deflators are also provided. These deflators are merged in for ease of use and researchers are expected to review the deflators and tailor them to suit their specific needs. Table 7 shows the total number of entities available per year, as well as how many of these are matched through the merging process. First, we show the total number of entities per tax year. This number includes CIT-registered entities (or firms), as well as other entities (such as PAYEregistered entities that we are unable to link to a CIT reference number-see Table 1 ). Second, we show that 68-79 per cent of these entities are found in the CIT data in each tax year. These are the CIT-registered entities that we consider to be firms in the context of the SARS-NT Panel.
Data characteristics

Overview of the data
Only 21-23 per cent of the firms in the CIT data have a match to the IRP5 data. In other words, only 21-23 per cent of the firms in the SARS-NT Panel can be matched to a PAYE-registered entity with worker information. More than 50 per cent of firms with matching IRP5 data also have matching VAT data, while around 41 per cent of firms with matching IRP5 data have no matching VAT or customs data. Only around 2 per cent of all firms have matching IRP5, VAT, and customs data. Around 14 per cent of firms in the CIT panel have matching VAT and/or customs data but not matching CIT data, with the majority of these firms having VAT data. Note that the relative incompleteness of CIT returns for 2014 is evident in the linkage rates with customs records, VAT returns, and PAYE information.
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The Tax Statistics Bulletin 2015 (SARS-NT 2015) provides an indication of the number of firms active in terms of providing CIT, VAT, and PAYE returns in any year. More CIT returns are made than VAT or PAYE returns, in part due to tax administration requirements. Thus while the number of firms that are matched through the merger process seems low, as shown in Section 4, aggregate variables such as sales and employment compare well to other sources of data (suggesting that the absence of firms not retained is unlikely to meaningfully affect analysis).
Researchers should use their discretion to determine how best to further manipulate the SARS-NT Panel to get to a more accurate sense of the number of firms that are useful for firm-level economic analysis.
The second part of Table 9 shows the PAYE, VAT, and customs entities not in CIT-these are entities that have a CIT reference number, but their reference numbers do not match an entity captured in the CIT in a given year. As discussed in Section 3.3, understanding how many PAYE, VAT, and customs entities cannot be linked to CIT is important to gain some insight to the selection issues in the SARS-NT Panel that may be a potential source of bias. Source: Authors' calculations based on SARS-NT Panel. Note that the decline in number of VAT matching and non-matching firms over time is likely due to an incorrect extraction as these numbers do not match 'SARS' tax statistics (SARS-NT 2015). Firms with non-missing and non-zero sales constitute between 43 and 46 per cent of all firms in the SARS-NT Panel, indicating a large number of inactive firms. This is somewhat expected since the total firm numbers in the first row include three categories of CIT-registered entities that are less immediately useful for firm-level economic analysis: (i) dormant companies; (ii) share block companies; and (ii) body corporates. 17 SARS defines a dormant company as a firm that has not actively traded for the full year of assessment (i.e. if the company traded for part of the year of assessment, the company will not be regarded as a dormant company). Dormant firms are easily identified in the IT14 and ITR14 forms, which contain questions to identify these firms. A body corporate/share block company indicator is available for the ITR14 data only, so to identify these firms from the IT14 forms, researchers have to use other characteristics of the data. The total firm numbers would also include other CIT-registered entities that are more difficult to identify and may complicate firm-level analysis. The bank nominee companies discussed in Section 2.2 is one example, as these CIT-registered entities report significant assets, but are unlikely to report other financial or tax information.
Between 87 and 100 per cent of firms with non-missing and non-zero sales data also have nonmissing fixed capital stock data, with between 82 and 97 per cent of these firms also having nonzero fixed capital stock data.
18 Only 24 to 26 per cent of all firms in the SARS-NT Panel also have non-missing and non-zero cost of sales in addition to non-missing and non-zero sales and capital data. Between 57 and 62 per cent of all firms with non-missing and non-zero sales, cost of sales, and fixed capital data also have non-missing labour data. This figure implies that firms with available sales, capital, cost of sales, and labour data constitute between 14.5 and 15.7 per cent of all firms in the SARS-NT Panel.
Potential sources of bias caused by selection in the SARS-NT Panel
Although the SARS-NT Panel is closer to the actual population of firms and individuals in the formal economy than comparable sources of survey data, and therefore enables certain economic analysis that was not possible before, there are various sources of selection in the SARS-NT Panel which may lead to bias in estimated results.
19
Only tax-registered firms and individuals are eligible to be in the SARS-NT Panel. Within that category, and with all the caveats listed above, only firms and individuals that actually submit a tax return will appear in the SARS-NT Panel. This implies that we will very likely not have a great deal of information on firms that may not be registered for tax such as informal firms, very young firms, or very small firms.
Since CIT returns must be completed within 12 months from the firm's financial year end, the 2014 tax year is still likely missing some submissions. Later years of the SARS-NT Panel will likely always under-report the true number of firms in the SARS-NT Panel. In Figure 4 we show the distribution of log real sales over the tax years in the sample. In the figure we see increased bunching around R1 million for both real and nominal sales over time. It is thus unclear how much of this difference is due to changes in tax policies or changes in firm behaviour.
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18 Non-missing capital means that the firm reports at least one value for property, plant and equipment, or other fixed assets in their balance sheet. 19 However, the few hundred thousand firms reported here are significantly more than the approximately 20,000 firms surveyed in the Quarterly Financial Statistics (QFS) and Quarterly Employment Statistics (QES) (see QES StatsSA 2015b; QFS StatsSA 2014c) and therefore provide a better basis for firm-level analysis. The coverage is further enhanced by the inclusion of non-VAT-registered firms, which are typically excluded from the QES and other surveys. 20 ln(1 000 000) ≈ 13.8. The VAT and customs records are available only for the VAT and trader subsamples, respectively, where there is a selection effect towards larger firms that may induce bias. In panel A of Figure 5 we show that firms registered for VAT are distributed around a higher mean than firms not registered for VAT, as expected given the non-zero threshold (R1 million) in turnover for compulsory registration for VAT. Furthermore, we can clearly see the bunching of firms not registered with sales around R1 million, although a substantial portion of firms earning more than this amount are also not reporting VAT. In panel B, we again observe firms with customs data being more normally dispersed around a dramatically higher mean than non-customs registered firms. In Figure 6 , we show that firms with matching IRP5 data are distributed around a higher mean than firms without IRP5 data. In this context, researchers must be careful when thinking of potential sources of bias in the SARS-NT Panel caused by selection. With respect to data collection, minor changes to both the IT14 and ITR14 forms are made on a continuous basis due to legislative and other changes. For example, on 6 December 2014, SARS updated the ITR14 return to allow firms to disclose the energy efficiency savings deduction in terms of Section 12L of the Income Tax Act. As a result, the available fields (i.e. variables) change over time and not all variables are available for the entire period. As indicated in Section 2.3, the IT14 form contained the same set of fields for all firms, irrespective of their size. Therefore, a consistent set of data is available for all companies who completed the IT14 but not for the ITR14 which includes questions on the first page that customize the contents of the ITR14 for completion. Finally, while all original data are retained in the SARS-NT Panel, the variables could be measured with error that in a way that is intentional (to minimize tax) or unintentional (based on a misunderstanding of the question or a data entry error).
Comparing the Panel to other sources of South African firm data
The SARS-NT Panel contains four potential variables that can be used to classify a firm into a sector: (i) profit code from the CIT data (a SARS-specific industry variable); (ii) industry code from the CIT data drawn from the ITR14 forms (SIC7 format); (iii) main income source code from the IRP5 data (SIC7 format); and (iv) HS6 code for all traders which we aggregate. 21 The HS code is a product, not sector, code, but can be mapped to sector codes using the appropriate concordance table. As expected, the IRP5 industry is available for fewer firms since only firms with matching IRP5 data, at some point, will have had an industry code. A separate technical appendix released with the SARS-NT Panel includes a detailed discussion of how the different sector variables compare to other sources of industry data (see Kreuser et al. 2016) .
In this section we compare the sales and employment data by sector to Statistics South Africa's Quarterly Financial Statistics (QFS) (see Appendix I) and Quarterly Employment Statistics 21 Industry codes from the CIT records are available for the ITR14 forms only, not for IT14. (998293) CIT and IRP5 (809304) (QES) (see Appendix II) to determine how the SARS-NT Panel compares to other data sources. We show the total sales by sector from the SARS-NT Panel using the industry codes from the IRP5 data set and compare these to total sales data from the QFS. Sales in the SARS-NT Panel refers to the sales amount reported in the income statement of the firm and sales in the QFS includes the value of sales, amounts received for work done, and amounts received for services rendered.
In Table 11 we provide a breakdown of the total nominal sales per industry in the panel against the values reported in the QFS. All values are nominal. Comparing the unrestricted aggregates for sales we observe that the agriculture, construction, wholesale and retail, and community and social service sectors have annual aggregates considerably lower than those reported in the QFS. The mining, manufacturing sector, electricity and finance sectors have higher aggregates in the panel than in the QFS. These differences are in part due to the assignment of different classifications of firms than those used by Statistics South Africa. For example, when reporting to SARS, retailers that trade in manufactured goods may classify their workers as being employed in the manufacturing sector, whereas the QFS allocates the firms where these workers are employed as being in the wholesale or retail trade sectors. Furthermore, we observe that between 14 and 22 per cent of all sales are in firms within unassigned industries, that is, firms which did not report the industry of their employees or had an equal number of employees in their largest industries. Once controlling for firms with attendant data, however, this figure reduces to between 1.5 and 2.5 per cent. These results indicate that a large portion of the unassigned firms are due to missing labour data. Table 12 compares the total unweighted employment variable, as defined by Equation (3), per sector against Statistics South Africa's QES. The QES is the only representative employment survey at the firm level and therefore more appropriate than the Quarterly Labour Force Survey (QLFS) for comparison to the SARS-NT Panel. 22 We show the employment number both for the full set of firms as well as for a restricted set of firms with all key variables. We observe similar trends in over-and underestimation relative to the QES estimates, with the construction, wholesale and retail, and community and social services sectors being under-represented. We do, however, observe dramatic over-representation for manufacturing; electricity, gas, and water; transport and finance. Excluding the community and social services sector shows that the unrestricted QES data dramatically understate the total employment figures in the economy by 22 Despite the QES being the most appropriate comparator to the SARS-NT Panel, there are other issues with the QES to keep in mind. QES employment numbers are significantly lower than formal sector employment in the QLFS (the QLFS numbers are a little higher than those reported in the SARS-NT Panel, which is expected given that some non-compliance is reflected in the tax statistics). The QES also omits private sector employment by non-VAT registered employers (QES StatsSA 2015b). While the contribution of these firms to value added may not be large, the relative contribution to employment is larger. between 10 and 40 per cent. The restricted sample is capturing between 79 and 85 per cent of the QES sample, when including community and social services. When excluding this industry we see a higher count of workers in general. Furthermore, we display the number of workers in an unassigned industry, that is, workers in a firm which did not report their industry in the IRP5 forms, or firms with equal employees in different industries. These firms are around 5 per cent of the total employees in most cases, with between 29 and 69 per cent of these workers being in firms with available data. Since there is also an industry measure in the VAT sample, further work is required to determine how best to use the various industry measures in the SARS-NT Panel to create a comparable, consistent, and accurate sector classification measure for all firms in the SARS-NT Panel.
Initial descriptive statistics
In the remainder of the paper we provide some initial descriptive statistics of the firms in the SARS-NT Panel by looking at the relationship between sales and employment, value added, and the capital-labour ratio, as well as value added per worker and trading status. In most figures we demean (i.e. the mean of the variable for all firms for a specific year is subtracted from the individual firm values, in other words x it -E[x it |t]) to make the them comparable over time (see Equation (10) in Section 5.2). We focus on the period from 2009-14, given the concerns identified with the 2008 data in Table 8 . Where applicable, we deflate all values using the economy-wide CPI values.
Sales and employment
In Figure 7 we show the relationship between sales and weighted employment from 2009-14. Figure 7 shows a positive correlation between firm size and sales, and indicates that as employment increases, the variance in sales decreases. It is also clear that there are fewer larger firms and the distribution tightens as employment increases, which may suggest a stronger relationship between sales and employment for larger firms.
Value added and the capital-labour ratio
Figure 8 provides insight into the relationship between the capital-labour ratio and firm value added. In this figure demeaned log value added (y) is constructed using Equation (10) and demeaned log capital ratio (x) is constructed using Equation (11). Source: Authors' calculations based on SARS-NT Panel. We only report results for firms with positive and nonmissing log capital-labour ratios and firms with one or more weighted employee. Firms must also have positive value added. The mean of each tax year is calculated conditional on both the log capital-labour ratio and log value added information for firms being available. The grey area indicates a confidence level of 95%. Figure 8 shows the steady increase in the value added by the firm as it becomes more capital intensive. A dramatic increase in the firm's value added is observed where the firm is 1,000 times more capital intensive than the average firm. This increase is not monotonic, however, as the relationship declines sharply where the firm becomes too capital intensive. The confidence level increases dramatically as the capital-to-labour ratio increases. This means that our confidence in these estimates reduces-something that is likely driven by a reduction in the number of firms. 
In panel A we see that the value added per worker is increasing in the number of different products exported by the firm at the HS6 level. In panel B, we show that firms have larger increasing returns to value added per worker up to around 30 products imported, after which the value is escalating with increasing variance. The constants in these figures should be read in conjunction with the fact that a firm which exports no products imports at least one product, and a firm which imports no products is exporting at least one product. This implies that firms that import at least one product have a far greater premium than firms which export at least one product. In panel C, we show a fairly consistent increase in value added per worker as firms export to more countries, while panel D indicates a far more dramatic rise in value added per worker per import country. 
